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(54) Block copolymer and Its production process and use 

(57) A new block copolymer, which is excellent with 
regard to abilities such as cSspersibflity, chelatability. 
and scale inhibrtabilrty, includes a polyalkylene glycol 
structural unit and a pdlygtyoxylate structural unit. This 
block copolymer, for example, can be produced by car- 
rying out a polymerization reaction between a poly- 
alkylene glycol and a glyoxyfic acid-based monomer in 
the presence of a catalyst in a polymerization reaction 
system having a water content of about 30 mol % or 
less relative to the polyalkylene glycol, and used as a 
cement dispersant, pigment dispersant, water-treating 
agent or detergent builder. 
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Description j 

BACKGROUND OF THE INVENTION 

5 A. TECHNICAL FIELD 

The present invention relates to a block copolymer which displays excellent performance such as dispersibilitv and 
to a production process for the block copolymer, and uses of the block copolymer. * 

» B. BACKGROUND ART 

Hitherto, a polyether block copolymer is known which has structural units derived from ethylene- and oroovlene 
oxxtes respectively. Such a block polymer has surface activity. However, when used as a pigment dispersant ft does 
not display safefactory performance. In addition, when used as a water-treating agent, it does not display satisfactory 
scale inhtoitabflity. ether, and when used for trapping hardness components in water or used as a mud dirt tfisoersant 
it does not provide any satisfactory results, either. 

As to a polymer having both structural units derived from an alkylene oxide and a catboxyHc acid USP 4 204 052 
discloses a random copolymer having structural units derived from ethylene oxide and a glyoxyfic acid derivative 
respecfively. In addition. USP 4.144.226 discloses a polymer of glyoxylic acid, of which both terminal moieties are eth- 
ylene glycol monoether derivative ones as obtained by reacting 1 to 3 molecules of ethylene oxide upon both terminal 
moieties of a polymer molecule for stabilization. These US patents both disclose that polymers, as disclosed therein 
are used as detergent builders. 

In the random copolymer as disclosed in USP 4.204.052. carboxyfate ions are arranged on the polymer at random 
For example, in the case where this polymer is used as a cement dispersam, it has negative charges to the same extent 
at any polymer side chain moiety and is therefore adsorbed to cement particles almost homogeneously Thus, polymer 
moieties that are not adsorbed to cement particles are considered few, soil cannot be expected to effectively disperse 
cement particles utilizing steric repulsion between these polymer moieties that are not adsorbed to cement particles In 
SSTJ? *e homopolyme* as disclosed in USP 4.144.226 are used as a cement dispersam. the 

contribute <rf the terminal alkylene oxxte moiety of this polymer is so small that this polymer is adsorbed strongly to 
so cementi particles that have positive charges, and therefore it cannot be expected to effectively disperse cement parti- 
cles, either. Accordingly, the polymers as disclosed in the above-mentioned US patents may have satisfactory perform- 
anceas buWers. but are not sufficient with regard to the dispersibility. because many carboxylate ions are arranged on 

UK* JJOiyTTlSfo. 

In addition, none of the polymers as disclosed in the above-mentioned US patents has a series of alkylene oxide 

l t ^ J}'T {0r V M& ' aS deterQent these polymers only display insufficient dispersibility, low washa- 

bilrty. and inferior biodegradability. L 
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SUMMARY OF THE INVENTION 

40 A, OBJECTS OF THE INVFNTfON 

ft is an object of the present invention to provide a new block copolymer which has a chemical structure different 
***** °f * e above-mentioned conventional polymers, and are excellent with regard to abilities such as dispersi- 
bility, chelatability, and scale inhibitability. 

It is another object of the present invention to provide a cement dispersant and a pigment dispersant which are 
excellent with regard to dispersMrty. 

It is still another object of the present invention to provide a water-treating agent which is excellent with regard to 
dispersibility. chelatability. and scale inhibitability. 

ft is still another object of the present invention to provide a detergent builder which is excellent with regard to dis- 
persibility and chelatability and has high washabflrty and excellent biodegradability, and to provide a detergent compo- 
sition containing this detergent builder. 

It is still another object of the present invention to provide a process for producing the above-mentioned new block 
copolymer easily and efficiently. 

55 B. DISCLOSURE OF THE INVENTION 

The present inventors studied the above-mentioned problems, and proposed a polymer which has a block structure 
of a polyether structural unit and a pdycarboxylate structural unit which units have a polymerization degree of not less 
than a certa.n value to effectively display the workings of the polyether block moiety and polycarboxylate block moiety 
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Thus, the inventors completed the present invention. 

A block copolymer, according to the present invention, includes: 

a polyalkyfene g | yco | structural unit of the following general formula (1): 

4C n H2nO> x 

wherein: n is an integer of 2 to 4; and x is a number of about 5 or more on average- and 
a polyglyoxylate structural unit of the following general formula (2): 



fCHO^y— (2) 
COOM 



^"mlf^^T Se ', eCted ^ thG 9rOUP COnSiStin9 <* a ^^en atom, alkyls with 1 to 4 carbon 
^rn^^ t0 3 " amm0niUm 9rOUpS ' and ™™ ^oups; and y is a number of about 

20 co ^l " < 2^^r t H.^S ^ 3t ,eaSt ° ne may be selected from the group 

consisting ot structures of the following general formulae (3) and (4): 

-OC^OR 1 (3) 

25 "^"L" iS J a " int69er 01 2 to 4 = ^ Rl d^otes one type selected from the group consisting of a hvdroaen atom 
alkyls. alkenyls. alkylphenyls, phenyl, and benzyl; and ^ 00 y ° r ° 9en atom ' 



— CHOX (4) 
COOM 



m^a^rf ^°° e T S6leCted ,ram th6 9roup o™*** of a hydrogen atom, alkyls with 1 to 4 carbon atoms. 

!° Hf "S^" 11118 (1) mentioned above - x be in a ran S»e °» about 20 to about 500 on average *" 
in the block copolymer of the present invention having general formulae (1 ) and (2) a ratio bv weiaht of the nolv- 
M 1 3n * 9 S^L^ Jra, mit t ° 816 ^glyoxytete structural unit may be in a range of aboLS? to aboSl^ 

ao w.inw^w^T' ^ ^ ^f 86 "' inVen,i ° n " avin9 9eneral formulae f 1 > ^ (2). the number-average molecular 
40 weight of; the block- copolymer may be in a range of about 2.000 to about 50 000 

desta^T^l^ * inVenti ° n ^'"S genera. formulae (1) and (2). one of the structura. units may 

stmctural unrt may be designated B. and the block copolymer may be selected from the 

troeWe^aHe^t ^^ara^^^^!^', ABA **** **** co P° , y mer - a* 10 " a copolymer having at least one AB 
type wocK. at least one ABA type block, and at least one BAB type block. 

45 «l J" n^T* formU, !i 4) menfioned above " X ^ be se)ected from the group consisting of alkyls. oxygenHXjntaining 
alkyls. and oxygen-containing cycloalkyls. ■«»■■■■■» 

In^general formula (2) mentioned above, y may toll in a range of about 20 to about 500 on average 
50 ing iSKSZS ar^r 9 10 ^ ^ indUdeS ^ ^ °' ^ P ~ l "~ 

hav^ZS STe w'SS 8 to 1,16 present invenfon - includes me block - *• p~ « *-*» 

In the water-treating agent of the present invention, n may be 2 

inn nonS^^^ ^S^" 9 * 0,6 PfeSent inven,i0n - inC,udes the Wock copolymer of the present invention hav- 
ing general formulae (1) and (2). 

The detergent builder of the present invention may be used for a liquid detergent composition. 
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A detergent composition, according to the present invention, includes 5 'surfactant and the detergent builder of the 
present invention. In this detergent composition, the surfactant is at least one type selected from the group consisting 
of anionic surfactants, nonionic surfactants, cationrc surfactants, and amphoteric surfactants, and the surfactant 
includes a concentration of about 10 to about 60 % by weight of the detergent composition, and the detergent builder 
includes a concentration of about 0. 1 to about 60 % by weight of the detergent composition. 

A process for producing a block copolymer, according to the present invention, includes the step of carrvina out a 
polymerization reaction between: 

a polyalkylene glycol of the following general formula (5): 

wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls. aUCenyls. alkytphenyls 
phenyl, and benzyl; n is an integer of2to4;andxisa number of about 5 or more on average; and 
a giyoxylic acid-based monomer of the following general formula (6): 

CHO (6) 
I 

COOR2 

wherein R 2 denotes an alkyl with 1 to 4 carbon atoms; 

in the presence of a catalyst in a polymerization reaction system which has a water content of about 30 mol % or less 
relative to the polyalkylene glycol. 

It is preferable that the process of the present invention further includes the step of carrying out a saponification 
reaction of the resultant block copolymer using an alkaline substance, whereby the water solubility of the copolymer is 
enhanced. 

DETAILED DESCRIPTION OF THE INVENTION 

Block copolymer: 

The block copolymer of the present invention has a polyalkylene glycol structural unit of the above-mentioned gen- 
eral formula (1) and a polyglyoxyiate structural unit of the above-mentioned general formula (2). 

The polyalkylene glycol structural unit is shown by general formula (1) and derived from a polyalkylene glycol. In 
general formula (1), n is an integer of 2 to 4. and x is a number of about 5 or more on average. 

If n is an integer of 2 to 4. there is no especial limitation with regard to n. and the polyalkylene glycol structural unit 
may be any of a polyethylene glycol structural unit of n=2. a polypropylene glycol structural unit of n=3. and a polybuty- 
lene glycol structural unit of n=4. However, in the case where the copolymer is used in an aqueous system, a polyeth- 
ylene glycol structural unit of n=2 is preferable for improving the water solubility of the copolymer, 

Tftere ; is no especial limitation with regard to the average value of x. provided that it is about 5 or more. In the case 
where, x is (ess than about 5. the dispersibility or the scale inhibitabflity is not adequately displayed The average value 
of x is preferably about 10 or more, and an average value of x of about 20 to about 1 .000 is more preferable for obtaining 
more excellence with regard to dispersibility. chelatability. and scale inhibrtabifity. The most preferable average value of 
x is in a range of about 20 to about 500. 

The polyglyoxyiate structural unit is shown by general formula (2) and derived from a polyglyoxyiate. In general for- 
mula (2). M denotes one type selected from the group consisting of a hydrogen atom, alkyls with 1 to 4 carbon atoms, 
metal atoms of 1 to 3 in valency, ammonium groups (NH 4 ), and organic amine groups; and y is a number of about 10 
or more on average. 

Specific examples of the alkyl with 1 to 4 carbon atoms can be enumerated as follows: methyl, ethyl, n-propyi. iso- 
propyl. n-butyl. iso-butyl. sec-butyl, tert-butyl. These alkyls may be used alone or in combinations of at least two thereof. 

Specific examples of the metal atom of 1 to 3 in valency can be enumerated as follows: lithium, sodium, potassium, 
magnesium, calcium, strontium, barium, aluminum, iron. These metal atoms may be used alone or in combinations of 
at least two thereof . 

The organic amine group is not especially limited, provided that it is a group having a structure in which at least one 
of the groups bonded to its nitrogen atom is an organic group and which can form a salt with a carboxyl group. Specific 
examples of such an organic amine group can be enumerated as follows: alkyl amines with 1 to 4 carbon atoms, such 
as ethylamine. n-propylamine. isopropyiamine, n-butylamine. sec-butylamine. tert-butylamine. allylamine, dimethyl- 
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^;? ethy T ine ' ' riethyl f mine; other amines - su* as dodecylaAne. octadecylamine. cyclohexylamine ben- 
Z ylam>ne. aniline, dipropylamme. dicyclohexylamine. N.r^imethyWodecylamine: altanolami^ " 

aSSSSS: d,S,han0,arrtne - These organic amines may be used l^Z^^L * 

M is J* e,erably at least one ,y P e se| ected from the group consisting of: a hydrogen atom metal atoms such a * 

T- P ?L aS ! ,Um - magneS,Um ' Caldum; ammoni ^ 9ro"Ps: a "d organic amine groups dSTrom Groan* £Tn~ 
suchasalten<jlamines.alkylaniineswith1to4carbonatoms. h» uenvea room organic amines, 

If M is an alkyl with 1 to 4 carbon atoms, the functional groip (-COOM) in the oolvalvmvlata <Mr.«-fc,«i ~l 
^^aejisan ^ 

SS^forrn^ 1 / 0 !^'^ ammonium ^ and organic amine groups, men the fo^XupT 
WOM)m the potyglyoxylate structural unit of general formula (2) is a carboxylic acid salt group which oroducef^l 

^■,TT Ce f P ° SitiVe,y by a ct*on and thereby enhances the ch^^S^caTeS 

rtab.Uty. The ester group can easily be converted into the carboxylic acid salt group by the beEsSSS 

The average vatie of y is not especially limited, provided it is about 10 or more. However in ine c^se wrTe^ is 
^ an i at « ut 10 - 0™ Movement of the chelatabi.ity and the dispersibi.ity. which improved te noTSSS from 
the polya.ky.ene glycol structural unit, cannot be adequately obtained. The average vTo. ^TpreTe^fy a5?a Z 

w „J > "L ra ! i ° °' thS combination 01 •» Polyalkylene glycol structural unit and the polyglyoxylate structural unit in the 

s^ucSlT" LT' r Pedal,y ** ^ "*» * ***** <* P^alkytene gfyS ^ J^y^S tete 

structural unrt.s preferably .n a range of about 1/9 to about 9/1 . more preferably, about 2/8 to about eSb^^tl 

T f ^T CB ° f 3 **** "V**™* with such a ratio iTLn better thanlT exS',.enTp^l 

ance of a homopolymer consisting of the respective structural unit alone excellent perfarm- 

1 nnT^ Umber " aV ! ra9 !, mo ' ecular wei 9 W of «" e "«*= copolymer is preferably in a range of about 1 500 to about 
1.000.000. more preferably, about 2.000 to about 50.000. In the case where the nurnber-a\Lge motecS weiahTS 
out of these ranges, effects such as dispersibiHty which are produced by a bio* copolymer mi^Te^d^SLty 



The arrangement of each structural unit of the block copolymer is not especially limited, provided that the block 
,„ ^nT? ^ P ° lya ' ky,ene 9 ,yco1 unit (which hereinafter may be referred c . as^arefthe p£n- 

30 ^ts^ssrssr may * re,erred to as - — »— « - 

t 

(1) AB type block copolymer: 

(2) BAB type block copolymer; 

35 (3) ABA type block copolymer ; and 

(4) block copolymer in which anangemente (1) to (3) above are repeated. 

of JUlT^^T * *? e termina ' m ° ietieS ° f me P ° ,ymer are «* especially limited, but it is preferable that a structure 
<o ^"1 ™ ety 01 ,he t***™ is se,ected ^m structures of genera, formulae (3) and (4). because J 

40 polymer having such a struclure is more stable and therefore possesses excellent handling prcoerties In tte case 

£Z:^2^'Zl%: atea "T? ° f ^ P °* n>r iS 3 <*> We " e 9 ' yC °' structSn? Secure ofgenS 

^ to 38 struc1ure a ") «s a structure of a termina. moiety ofthepol- 

r^^T' 0356 Where 3 term,nal °* •» reputed moieties of the polymer is a polyglyoxylate structural unit 

te^LT!^ ^Th T rmU,a (4) (which he ' einafter -ay be referred to as "tJrZa. st£Z^ Tal^SZTa 
45 terminal moiety of the polymer. 7 

or Jl^aZ^Z 1 ™?™* ^ 01 the 0th6r ,ermina ' of the polymer may be shown by either the same 

m^^^n^T , ' rom 9eneral formulae P> (4). In addition, when the structures of one terminal 

*" ^ ShOWn * ^ Same Seneral fcrfhfite, the structures of these 

so 56 *° Very 88,116 structures as each other or those which are shown by the same general 

e^of 'o^t ZT^! T 1 ^* 65 35 ^ ^ ^er words, a given copotymer may have termin;i moi- 

etes drfferent general formulae. Further, a given copolymer having terminal moieties of the same general formula 
may have terminal moieties which are different from each other U 

^STtf^^I^ an inle9er °' 2 tD 4> and Rl 18 006 ^ selected from the group consisting of a hydrogen 
55 grTp V ' alky,Pheny ' S - Phenyl - and benzyl - ^ein R 1 other than a hydrogenatom may^e a suiSSS 

i f"?*' 0 examples of 11,8 alk y" used as R 1 can be enumerated as follows: methyl, ethyl propyl n-butvt iso-butvl 
lauryl, stearyl. These alkyls may be used alone or in combinations of at least two thereof 

combTnS^a^^iS' " ^ ^ ^ ^ ^ ^ ^ te used a '°" e - '» 
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Specific examples of the alkyfphenyl used as R 1 can be enumerated as%llows: toluyl. xytyl, dodecylphenyl nonvl- 
phenyl. These alkyfphenyls may be used alone or in combinations of at least two thereof. ' 

In terminal structure b, M ts one type selected from the group consisting of a hydrogen atom alkyls with 1 to 4 car 
bon atoms, metal atoms of 1 to 3 in valency, ammonium groups, and organic amine groups, and X is a group which is 
chemically stable to depolymerization of the block copolymer; The group, which is chemically stable to depolymeriza 
tion, is an optional group that is chemically stable to rapid depolymerization in an alkaline solution. 

As to M. the ones that are previously exemplified can be used, and preferable ones are also the same as thos* 
mentioned previously. uius>e 

X is a group which displays preferably less than a about 50 % ratio of decrease in the average chain length of the 
polyglyoxylate structural unit in the block copolymer at 20 °C in 1 hour in a 0.5 M aqueous sodium hydroxide solution 
containing 10 g/\ of the block copolymer, with the average chain length measured by NMR. 

Preferable group X can be exemplified by alkyls. oxygen^containing alkyts. oxygen-containing cycloalkyte 

Specific examples of the alkyl can be enumerated as follows: methyl, ethyl, propyl, lauryl. ste&ryl 

Specific examples of the oxygen-containing alkyl can be enumerated as follows: alkyls having carboxyL such as - 

type selected from the group consisting of alkaUne-metal atoms, ammonium groups, alkanofamine groups, and alkyls 
with 1 to 4 carbon atoms; and R J is one type selected from a hydrogen atom and alkyls with 1 to 8 carbon atoms)' alkyls 
having an ether group, such as - CHCH3OCH2CH3, -(Ch^C^Oh^H; an aldehyde group and other oxygen^niaining 
alkyls; and acyls of the following general formula (7): 

o 
1 

-CRi (7) 

wherein R 1 is one type selected from the group consisting of a hydrogen atom, alkyls, alkenyls. alkylphenyte phenyl 
and benzyl; and the previously exemplified ones can be used as R 1 in the acyl. 

Specific examples of the oxygen-containing cydoalkyl is a group of the following formula (8) : 



I 

CHO 



(CH 2 ) 4 



(8) 
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X as mentioned above may be used alone or in combinations of at least two thereof. 
40 The above-explained block copolymer can preferably be used for cement dispersants. water-treating agents and 
pigment dispersants. 

Process lor producing block copolymer : 



A process of the present invention for producing a block copolymer is characterized by the step of allowing a gly- 
oxylic acidised monomer of the aforementioned general formula (6) to react upon a polyalkylene glycol of the afore- 
mentioned general formula (5) by polymerization in the presence of a catalyst in a polymerization reaction system which 
has a water content of about 30 mol % or less relative to the polyalkylene glycol 

The Polyalkylene glycol is shown by general formula (5) and. for example, can be obtained by polymerizing an 
alkylene oxide in the presence of a polymerization catalyst. R 1 in the polyalkylene glycol is one type selected from the 
group consisting of a hydrogen atom, alkyls. alkenyls. alkylphenyls. phenyl and benzyl, and n is an integer of 2 to 4 
and the average value of x is about 5 or more, and details of these parameters with regard to the polyalkylene glycol 
are the same as explained in the preceding item on the block copolymer in this specification. Preferable ones are also 
the same as previously mentioned. In addition, if R 1 is a hydrogen atom, the polyalkylene glycol has hydroxyl at both 
terminal moieties, and the polymerization of the below-mentioned glyoxylic acid-based monomer is initiated from both 
terminal moieties of the polyalkylene glycol. Furthermore, if R 1 is a type other than an hydrogen atom, the polyalkylene 
gjycol has hydroxyl at one terminal moiety and an ether group at the other terminal moiety, and the polymerization of 
the glyoxylic acid-based monomer is initiated from the one terminal moiety, to which hydroxyl is bonded of the oolv- 
alkylene glycol. 
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^TE^SST* " nn0mer " ^ ^ * Wal « and R2 - - amy, 

Specific examples of the alkyl with 1 to 4 carbon atoms used ac r2 aro rngAhkA ... 

The ratio of the combination of the polyaJkylene qlvco! and thP nivnwii/- ari wj«^ «»ereoT. 
"IT IS rati ° ? PO ' ya,ky,ene *«*^ aSSd^ 

.n that a polymer having such a ratio displays better performance than a polymer *Snw I bv^vnSL ***** e 
omer alone, and the more preferable ratio is in a range of about 2/8 to about 1ST Polymenzmg each mon- 

The production of the block copolymer is carried out in the oresenca of a ratals th«~.. i 

The amount of the catalyst as used is not especially limited and depends upon the type of the catalvst He*™ 
moZS 6 ' 6 am ° Urt * I"— * * a range o, aboJSoi to£2 ^weig^e 

The reaction temperature during the production of the block copolymer deoends tmnn r^on ^ ^ _ ^ . 

hfcher 50 -C. th.yiek, « 0» ,JZ* Mode a^lS ^ • «*».«. »W< 

The solvent used in the solution polymerization is not especially limited, provided the solvent sati^ ^hw^ 

r eac ^^ U !l 0n K^ 0CeSS far ^X^er. *e polymerization reaction is carried out in a polymerization 

r^L?f !ZL K a water content of about 30 mol % or less, preferably about 10 mol % oTlL 2 
a«y about 1 mol % or less, relative to the pofyalkylene glycol, and most preferaWy^a wat^ri^mT^™ 

^'^TrJT** " t0 ° of a hon^me^risTS^^ oTtne TyoZt 

SSSx^rrr^ T d ^r ef r* e rf ,d 01 * e ^ «*** «p-»™* Thus. « esse 

^Z^t^ • - 9 y ' 6 9lyox y hc aad-based monomer, and the solvent which is used if need arises a,* dohv 
t^of^^^ 

and iSaSlS ^l 3 *™- ^ *»l has hydroxy, a, both terminal moieties, 
rtcolto SbTSS h^^r* 0 "SS^ m0n0mer 18 initiated from ^ tarminal moieties of the polyalkylene 
Tlte^ZtBm^^^" T J™ StrUCtUral unte are arra "9^ ^e aforementioned order of b/a, B 
ffte resultant BAB block copolymer is allowed to further react with an alkytene oxide of the following general formula 
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wherein n is an integer of 2 to 4 
9 converting a terminal moiety of the BAB block copolymer into a chemically stable group, an ABABA block coool 

ymer is obtained in which the structural units are arranged in the aforementioned order of A B A B A. Fiirth^nw^Tw 
Tl^^nl^ " '° ' urther «* ■* «he gfyoxylic acid-based monomer o^ZSa 

Ta n frf. R . < T*7Z1 ° btained * 6 StrUCtura ' UnitS are ^"9^ - the afof^e^SCe^of 
B. A. B. A B. A B. An optional block copolymer can be produced by repeating such a polymerization reaction 

; Aston J 4 n 9eneral fornlu,a (9)- ^ene oxide of n=2 is preferable because its solubility is good when used in an 
cicjucous system. 

If R 1 in the polyalkylene glycol is a type other than a hydrogen atom, the polyalkylene glycol has hydroxyl at only. 
° ne JT^^ T^jr 1 p ° lymeri2ation of the Qlyoxylic acid-based monomer is initiated only from thWonetemwiaJ 
moiety ofthe polyalkylene glycol to give an AB block copolymer in which the structural units are arranged in the afore- 
menton^oroer of A B. If the resultant AB block copolymer is allowed to further react with an alkylene oxide of trr e 
above-mentioned general formula (9) without converting the B terminal moiety of the AB block copolymer into a chem- 
ically stable group (wherein because R is a type other than a hydrogen atom, the A terminal moiety of the AB block 
^*™ r h l S f r V ether 601x1 and therefore does not participate in the reaction), then an ABA block copolymer is 
otoinedin wh«ch the structural units are arranged in the aforementioned order of A, B. A. Furthermore, if the resultant 
ABA block copolymer .s allowed to further react with the glyoxylic acid-based monomer by polymerization an ABAB 
block copolymer is obtained in which the structural units are arranged in the aforementioned order of A B A B An 
optional block copolymer can be produced by repeating such a polymerization reaction. Also in this case, as to n in gen- 
eral formula (9). ethylene oxide of n=2 is preferable because its solubility is good when used in an aqueous system 

The react^ conditions for reacting the block copolymer having the B terminal moiety with the alkylene oxide of 

^T?^*^^^**?? me reaCfion reactol 9 the block copolymer having the A terminal 

moiety with the^ glyoxylic aod-based monomer by polymerization are both the same as those aforementioned in detail 
wrth regard to the product** process for the block copolymer, and the preferable ones are also the same as mentioned 
previously as to such production process for such block copolymer. 

In the case where a terminal moiety of the block copolymer obtained in this way is B. it is preferable that this termi- 
nal moiety is converted into a group stable to depolymerization in that the resultant block copolymer becomes stable 
Inaddmon. in the case where the terminal moiety is A the terminal moiety does not especially need to be converted 
into another group, but may be converted into a group stable to the depolymerization 

J^ampte of the method for converting the terminal moiety into a group stable to depolymerization is a method 
in which a block copolymer having a B terminal moiety is reacted with a reactive compound 

Specific examples of the reactive compound are as follows: alky! vinyl ethers, such as ethyl vinyl ether, butyl vinyl 
ether, propyl vrnyl ether; substituted olefins, such as propylene, butytene. methyl acrylate; epoxides, such as ethylene 
OX ^!' P^ ene <***• eptahtorohydrin; alcohols, such as methanol, ethanol. propyl alcohol; alky! haHdes. such as 

!^ e ^ P ^f'. ,S T^ 0py, Ch, ° ride - Xen -**** such as ally! chloride; acetels, such as acetatdehyde 

d.methylacetal; alkyi sulfates, such as dimethyl sulfate, diethyl sulfate; benzyl halides. such as benzyl chloride benzyl 
bromide. These reactive compounds may be used alone or in combinations of at least two thereof 

The amount of the reactive compound as used is not especially limited, but the amount is preferably in a range of 
about 1 t to about 1 0. in terms of molar ratio, relative to the block copolymer having a B terminal moiety. 

^IH^^J* 3 "^^ ^ rea0ti0nCata,ySt are 85 to,lows: protonic a <*fc- such as hydrochloric acid, hydrobromic 
acrd. hydroiodic aad. tnfluoroacebc acid, phosphoric acid; Lewis- acids, such as aluminum chloride, atkylaluminum hal- 
ides. tnalkytaiuminums. These reaction catalysts may be used alone or in combinations of at least two thereof 

The amount of the reaction catalyst as used is not especially limited, and is appropriately determined depending 
upon the type of the reaction catalyst 

. ..J n . th !^f i ° , L With *!! reaCtive COmp0und - * e same solvent that is used in producing the block copolymer can be 
used. In addition, the reaction is preferably carried out in a temperature range of about 0 to about 50 °C 

Tneglyoxyhc acid-based monomer used in the production process for the block copolymer is a glyoxylic acid alky! 
ester and therefore has a structure in which an ester group is pendent from the principal chain of the copolymer This 
ester itself can also be used for the below-mentioned various purposes, but it is preferable that the resultant block copol- 
«?t,^!' en ^""i? 1 with an a,kaline substance to convert the ester group into a carboxylic acid salt group, because 
the block copolymer thereby becomes highly soluble in water when used in an aqueous system 
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Specific examples of the alkaline substance are hydroxides of metals with a valence of 1 to 3 such as Dotassi.™ 

The amount of the alkaline substance as used is not especially limited, but the amount is preferably in a ^ nf 
about 1.0 to about 2.0, more preferably about 1.1 to about 1.5. in terms of molar rato^elaive Tto^a £XS? 
based monomer used in the polymerization reaction. glyoxylic aad. 

The saponification reaction is preferably carried out at a temperature of about 0 to about 100 °C mor* nrrf^w,, 
aboutao^to about 70JC. by adding the block copolymer into an aqueous solution <»nSh ^inTs^T * 

The 1 - to 3-valent metal carboxytate group obtained by the saponification reaction can easily be conv^S an 
ammonium carboxylate group or a carboxylic acid amine salt group by methods such as ^cSnTrSSo^Fo^ 
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Uses of block 
[Cement dispersant] 

The cement dispersant includes the aforementioned block copolymer 
w Th l^! C 'L C0pOl) ? Tler induded in * le cement ^ersant is not especially limited, provided the copolymer is rh« 

wel^sl^^ lpoiva.ky.ene glycol structural unrWpo.ygryoxy.ate structural unH (raX 

weight)] <s preferably about 30/70 or more in that me amount of the block copolymer as added can be decreased Jri 
^rTVS ^J* decreased ln the polyalkylene glycol structural unit is preferably a pdveSene oV 

col s^ctura. unrt m that the block copolymer having this structural unit is excellent in the water J^iS^SSSL- 

5 £XSSSSSZ wei9h! * ^ bkK * oopo,ymer includ6d in ,he dispereant fe 

Wock^rrSrr^I^tS 6 " 6 f^T^ Units COm P° sin 9 *• Polyalkylene glycol structural unit of the 
trtn^J^L ^fx dispersant namely, the average value of x in general formula (1). is not especially lim- 
SSSSJS?^ ^ WeVer ' 3n 3Vera9e ^ of x of about 10 to about 80 is preferable foTttieSie- 

Slt^S ^T nt .!^ a m ° repreferab,e avera 9 e «*» <* * is » ^ range of about 20 to about 60 In Son 
n^t^TS^ »» theglyoxylale structural units composing the polyglyoxylate structural unH of the btock*^: 

^abl Zrlt Pe Z nt ' name ' y ' 8,6 8Vera9e ^ « y in *"*■■«. ^ not especial* limrteTpnSd 

am^JL^ ^ ' ^J* 6 ^ of y of about 10 to about 100 is preferable for the decreased 

T^T 38 addSd ' 8nd 8 ^ P re,eraWe avera 9 e value of y is in a range of about 20 to about 5a 
th« iSSS e - me ^ on , ed cement dispersant is used for cedent compositions sue* as cement mortar andcSSete" 
"P^ynier dfeplays the abifity to improve the performance of the cement compositions as foflowf We^Sfi* 
£2 S^mZr*? ^ Chanced, and the setting time can be leaned. JSS^SSSSSZl 

great retardment of the setting because of addition of the cement dispersant. whereby the workability of conSuctfon 
^™TZ Z™T e * * "* imprOVed " ^dingly. this cement dispersant. fcSm^icSS usa^aTS 
n^f^^ K ^ ^ S rea<J y- mixed ™ Particularly, this cement dispersant serves as a plant-simutta- 

L 9 Pertormance AE ^entraining) water-reducing additive to easily enable the production* 
ready-mixed concrete having the composition of a high water-reducing ratio ^ 

rninJ™^ * SP t S f rt " ^ e ^ mpte ' 030 56 <or dispersing hydraulic cement, such asportiand cement, atu- 

S ^ m,X !f r™ 3 " 1 - Snd ,0f dispersing "^rauUe materials other than cement, such as ptester. 
tx^^llT COn *' na * ,on ° f Cement dispersant to cement is not especiaBy limited, but the amount of the 
cement « a range of about 0.01 to about 1.0 parts by weight relative to 100 parts by weight of 



^T 465 . of m6thodS for me ^ent dispersant are: a method in which the cement dispersant is dissolved 
Z T^ZTJT^. simuHaneously with knead-mixing water in preparing a cement co^ 

and a method .n which the cement dispersant is added to an already kneaded cement composition 

^Ji^ e ^ ISP !r ant T 3,50 b6 35 3 W ° h Performance water-reducing additive for producing secondary 
concrete products, and can reduce the water content and therefore enhance the strength. econoary 

[Pigment dispersant] 

The pigment dispersant includes the aforementioned block copolymer 

blcJcc^^^I^ '"Hf? "^T* diSPerSant iS n0t eSPeaa% limrted - P rovWed * fe ™e aforementioned 
ii2^;S raH,t SPerSant ,ndUd6S ^ WOCk COPOlym6r 35 me ^ M co ^— and may further 
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The Pigment dispersant is used for dispersing pigments, such as kaolin, day. calcium carbonate titanium mHo 
banum suHate. satin white, magnesium hydroxide. Wo water. caroonate. titanium oxide, 

bkJ^Ti!^ t * e . a,Kylene 9lyCO) StrUCtural ^ composing the polyalkyiene glycol structural unit of the 
block copolymer m tte pigment dispersal*, namely, the average value of x in general formula (1) is not esoetSlvBm 
ted. provided rt is about 5 or more. However, an average value of x of about 5 to about 30 is pmferLTfo^nnn Z" 
v.scosrty of a p^ment slurry, and a more preferable average value of x is in a range of atoS 8 fo aooutS ^£2i 
SZ^^^ Unte corrposing the polygtyoxy^teltSra, 8 ^^ 

namt **' theaVe [ a9e r a,Ue ° ,yin 9 enera ' fwmufa (2). ^ not especially lirru^pSd 
If* S J ^ ^T^' ^ aV T a9e Va ' Ue rt V °» about 10 to about 200 is preferable for improving theWS 
with time of the vscosrty of a pigment slurry, and a more preferable average value of y is in a rangeoVaboS 20 toabout 

The ratio of the combination of the pigment dispersant to pigment is not especially limited but the amount of th„ 
c^d^persantispreferabtyinarangeof abou.0.01 toabout 1.0 parts by^SaUve to ^S^eightof 

^^^^HT^T ° ftheblOCk cofrty™*- *e Pigment dispersant can produce a dispersion that is excellent in 

SaSSn H T ™* 8 ^ <"™«*on and fe - stabiWy^hereforeml pJme„Td£ 

persant can partcularty favorably be used as a dispersant used for dispersing pigments for paper, and aJso^wrfet 
be applied in fields such as fiber processing, building material processing, coatings ceramics 



so [Water-treating agent] 



The water-treating agent includes the aforementioned block copolymer 
^7*!**** c °P°fy mer included in the water-treating agent is not especially limited, provided it is the aforementioned 

The water-treating agent is excellent in chelatabifity and scale inhibitability due to the block copolymer and there- 
fore canbe used for inhibiting formation of scale in systems, such as cooling water-drctilat^Se^b^efw^ 
aroiating systems, seawater desalination plants, pulp digestors. black liquor evaporator 

so Uo^^^^fJTJ^ 9 !^ St ?°^ ral co ^P° si "9 «« polyalkyiene glycol structural unit of the 
^T^^Tf- *! Wa,ef treat,ng agent, namely, the average value of x in general formula (1) is not especially Bm- 
rted, provided a is about 5 or more. However, an average valueofxofaixxit5toabout20fe wefe^e^mDrov^ 
thegelaton resistance of the water-treating agent, and a more preferable average vaSe oVx fe hl^SaSuJTto 

SlSS&SSSt "5T °. m ° re - ^ an average value of y of about 10 to about 100 is preferabW 

^ and 3 mwe P referab »e average value of y is in a range of about 1 5 to abou! 
««tJfr!SiSr m S ra ^ n ^er-treating agent to water is not especially limited, but the amount of the 
water-treating agent is preferably in a range of about 1 to about 1 00 mg per liter of water. 

40 [Detergent builder and detergent composition] 

The detergent builder includes the aforementioned block copolymer 

comSJKS component, and may further include other 

com P° n ? nts " s**? 1 as otner acetal -based polymers, vinylic polymers 

,5 ^^ e1 ^ ent bui,der fe a component that is added to the below-mentioned detergent composition together with a 
o«£5£ £ h r^t? r69ard 10 — Ratability, and has highlash^X^S Se^bT^ 

a^JS^ ! 9 bu * ,er SerV6S to maintein « PH of an aqueous solution containing a detergent composition at 
JSrSK? SC t^ 9 i !T ,Tlp0nentS ' ^ 88 8 CabAm i0n - in the «"»tion. to dispsSe dirt, amoved 

. I S^T" T TT* " nd t0 Pfevent t " e dirt *«• aching again to the objects being washed 

Jci^S^rh" ^if'T^Tt 3 *** °° p0,ymer ^ the ,nvent, ' on - thefSmof thedeter- 

tSdeTTS^Tr^ r ? Squid or powdered and therefore is not especially limited. However, the detergent 
S^,^^ ^ <0r / ' ,qU,d dete,1 9 ert composition, because the detergent builder has excellent compatibility 
with the surfactant and therefore gives a high concentrated liquid detergent composition compatioiiity 

When the detergent composition is a liquid one. the average number of the alkylene glycol structural units comoos- 

^Tn^T 8 9,yC °' *"?""* mit 01 *• in the **"«""* ^er used for ^deterge^o^o- 

s*on. namely, the average value of x in general formula (1). is not especially limited, provided it is aboirt 5 or more 
However, an average value of x of about 5 to about 20 is preferable for dispersing mud dirt cor^enS and a^re 

22?; r r^r * x fe in a ran9e * *°* 8 to 35001 m and *• m °- <» ****** ™ ^nS; 

to about 15 In addrtion. the average number of the g.yoxylate structural units composing the polyg.yoxylate structural 
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unit of the block copolymer ,n the detergent builder used for the detergent composition, namely the averaae value of v 
m , general formula (2). is not especially limited, provided it is about 10 or more. Howevi aTaveraoe vak^of ^TJLl 
10 to about 200 is preferable for enhancing the compatibility, and a more preferable aTerag3 oW?in a 
about 30 to about 100. and the most preferable one is in a range of about 50 to abouTS * ^ ° f 

In addition, when the detergent composition is a powdered one. the average number of the alkylene olvcol struc 

S^ZSZF P ° ,5 f"l ,ene 9 ' yCb1 StruCtural uf * <* *• "ock copolymer in the deterged 
detergert composrt.on. namely, the average value of x in general formula (1). is not especiaHy limited pnJSed h Ite 

2^ T 6 HOWeV T- 3n aVerage vaiueofx 0i about 5 to about 20 is preferable f^nnar^ng mfdi^SStv to 
mud dirt, and a more preferable average value of x is in a range of about 8 to about 18. and the n^VpreSS I 

l^ 9 ! toabOU * 15 addifoa me avera9e of the glyoxylate structural un^ompSng^ 

ygtyoxytate structural unrt of the btock copolymer in the detergent builder used for the detergent 

the average value of y .n general formula (2). is not especially limited, provided it is about 10 or more^o^'a^i 
age value of y of about 30 to about 500 is preferable tor enhancing the che.atabi.ity. and a S prSeraSe' averaae 
value* y « m a range of about 60 to about 400. and the most preferable one is in I Grange of Xut'S toSouT^ 
J^'TT 85 ^""^oned, «"« preferable range of y of the block copolymer in the detergen^dTfor 

~'" pOSrt,on fe ,ess « han that «* *"e powdered detergent composition is because The aTyZtate 
structural unrt is relatively spanngly soluble in water, and because a large value of ytherefore inakes toe ftS^r 

bSSTne?^a e r^l an,0n,C - "** * *" ^ ™*<***°" * mainf^onionic and 

^ZX^tTS^T^ meaSUfaWe ^ " ^ °* ,he 9 '^ te compose tbe 

The detergent composition includes a surfactant and the above-mentioned detergent builder as the essential com 
ponents. and. as needed, may further include the below-mentioned other components 00,11 
The surfactant is at least one type selected from the group consisting of anionic surfactants nonionic surfactants 

rntr^eJ ■ amPh ° ,eriC SUriaCtanfe ^ 8UriaCtartS ^ bS used ato - or in 

^tte^* 0 eX T^! e i 3 1" 16 an ! 0nic surfactant are alkylbenzenesuttbnic acid salts, alkyl or alkenyl ether sulfuric acid 
salts, alM- oralkenylsulfunc aad salts, a-olefinsulfonic acid salts. a-suHofatty acids or ester sate there* aSeS 

S^f if S ', SatUrate i 0r UnSa,Ura,ed ,atty add «"■* or alkenyl ether carooxy,^ acid saS ami^ac^ tS - 
factarteN-acylam.no acid type surfactants, alkyl- or alkenylphosphoric acid esters or salts thereof 

Specific examples of the nonionic surfactant are polyoxyalkylene alkyl or alkenyl ethers, polyoxyethylene alkvl ohe- 

exes zszzsszsr —i - r «ss jssaar 

examples of the cationic surfactant thereof are quaternary ammonium salts 

-n» c^^W 68 ^ an ? h0teriC surtactant ar « oaiboxyl type or sulfobetaine type amphoteric surfactants. 
• « oo^^on of thesurfactant in the detergent composition fe usually in a rangVof about 10 to about 60% by 
wejgra, preferably, about 15 to about 50% by weight of the detergent composkton. In ttie caseXre thl^e^S 
of the surfactant is .ess than about 10 % by weight, sufficient washabiirtycannot be display^ tte 

o2S i*^*****" * less ««n about 0.1 % by weight, sufficient washabi.rty cannot bedispiayed i^Z 

^L™' * Jf 5 * ^ ^ e concentrafi ° n <* «"> detergen. builder is more than about 60 % by weight, there is no 
problem on the performance, but economic disadvantage is involved. .nee*, no 

t^r^Lm^' th , e l ^T 9e i ? , , COmpOSiti0n 030 ,Urther include o* her components, for example, enzymes (e.g. pro- 
tease (alkah) Upase. (alkali) cellulase). alkali builders (e.g. silicates, caibonates. sutete^Ichetate builders (e g digly- 

iS^S?' EDTA (ethylenediaminet etraacetat e) , DTPA (dietfv.enetriaminenexaacetate). Sri Sd). 

^^^^^"T aQ T- b) ! aCherS - Perfumes ' zeolite - in addi «on to the surfactant and the detergen 
builder. These other components may be used alone or in combinations of two or more thereof 

wpJ^I^T' alka " !£? ^ I'' 31 ' CG " UlaSe particu,ar, y P«*«*to: because they are high active in alkali 
^^c!T ™ e ^ Centrat ' 0n 01 ttle enzyme in the deter 9ent composition is usually in a range of about 0.01 to 
^^kihf ^rft^^'^tv/ 9 ^^ 6 * arO^nt composition. In the case where the enzyme concentration is less than 0.01 %by 

weSJ tnfrlTl^ if 1 ^ ^r 01 ^! d,SP ' ayed ^ 0386 where the enzyme concentration is more than 5 % by 
weignt. there is no problem on the performance, but economic disadvantage is involved 

an^iL^^" l^" 0 ? CODOlymSf is also use,ul as various materials, such as binders for ceramic, fiber-treating 
agents, flocculants. besides the above-mentioned uses u 
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(Advantages of the invention): 



M , ^ caus f * e b,ock copolymer of the present invention has a polyalkylene glycol structural unit of general formula 
(1) and a pdyglyoxyiate structural unit of general formula (2). this copolymer can provide a new block copolymer that I 
s excellent wrth regard to abilities such as oTspersibility. chelatability. arxl scale inWbrtability. copolymer that s 

If a structure of at least one terminal moiety of the polymer is selected from the group consisting of structures of 
general formulae (3) and (4). the stability of the polymer is enhanced and handling-propenSs of me XiSSS ext£ 

Because the cement- and pigment dispersants of the present invention both include the block copolymer thev a~ 
io excellent with regard to dispereiWity. ^xjiymer, tney are 

Because the water-treating agent of the present invention includes the block copolymer, this agent is excellent with 
regard to dispersibility. chelatabirrty. and scale inhibitability. y in»excenernwnn 

regard to dispersibflity. * 

Because the detergent builder and the detergent composition of the present invention both include the block coool- 
' 5 JSk*** exce " ent "** regard t ° dispe^ibility and chelalabaity and has high washabifity and excellent biodegrad- 

As aforementioned, the present invention process for producing a block copolymer includes the step of carrying out 
l^^ZTiTT l PO,yal, ? ,ene Styco. of general formula (5) and a glyoxyfic aad-taTed monomer of 

*> T^TT** ? If 8 ** in 3 PO'y™*™*™ reaction system which has a water content of about 

flT £ ' eSS ' e i tabVe to the ^Wene glycol. Therefore, this process can easily and efficiently produce a new 
block copolymer that rs excellent with regard to abilities such as dispersibility, chelatability. and scale inhibrtability 

If the resultant block copolymer is then saponified with an alkaline substance, the Week copolymer becomes more 
water-soluble, and effects from the water-solubility are enhanced. 

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

or JI^I!f er " PreSent i ^ ention fe more spedficany illustrated by the following examples of some preferred 
^IS^ ^^ZT C ° mParafiVe 001 aCCOrdi " 9 to » e ™ ention - However, the present invention 
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EXAMPLE A1 

First 80 ml of toluene. 33 g of polyethylene glycol monomethyl ether (molecular weight: 4.400) and 1 2 ul of ovrid- 
L n ^^r er l 2 ^ 0n Ca ^!r t W6re SUpplied ir,t0 a 9'ass-made reaction vessel equipped with a stirrer, a thermometer. 

■ 8 condenser - a *0PPin9 tunnel. Next 35 g of freshly distilled methyl glyoxylate was 
SETSL^E^ ^ eacb ° n vessel oyer, a period of 30 minutes, with the reaction temperature controlled to not 
higher than about 40 °C by cooling the reaction vessel. 

The resultant reaction mixture was cooled to 20 »C. and 0.03 g of trif luoroboron etherate was then added to the 
reaction mature and completely dissolved by stirring for 10 minutes. Next a mixed liquid of 1 .0 g of ethylene oxide and 
10 ml of toluene was dropwise added to the reaction mixture over a period of 30 minutes. After the addition had finished, 
the ruction mixtire was further Stirred for 60 minutes tothereby produce a stabilized ester polymer. The above-men- 
tooned operations were all earned out under water-free conditions under nitrogen atmosphere 

A . saponiffca^pn reaction was earn ed out py, adding sodium hydroxide of 1 2. times by mol of the preceding methyl 
glycxylate^as used for the polymerization, into the reaction solution containing the resultant stabilized ester polymer 
Toluene and methanol were then removed from the resultant solution of a product, thus obtaining an aqueous polymer 
solution containing block copolymer 1. 

Block copolymer 1 was analyzed by gel permeation chromatography (hereinafter abbreviated to GPC) As a result 
the peak of the polyethylene glycol monomethyl ether, as used as a starting material of the reaction, disappeared and 
instead anew peak was recognized on a high molecular side, and the number-average molecular weight of block copol- 
ymer 1 was 9.000. In addition, results from measuring 'H-NMR and IR spectra of block copolymer 1 were as follows? 

1 H-NMR (5 value, solvent heavy water) 
3.4-3.8 (7H) 
4.9-5.2 (1H) 

55 (Tne number of protons shows the respective ratios.) 

IR spectrum 

^ 880; i 2,740: 1,630 tenxjxylate): 14 30 (carboxylate); 1.300. 1110 (ether bond, acetal bond); 940: 840. 
ooO; 520 cm 
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EXAMPLE A2 



A reaction was carried out in the same way as of Examole Al exeunt thai the a „™ ^* ~* « . , 
was changed fmm 35 g to , 8 g. thus obtaining an agueo^lSo^in^ S^^coSf 
ymer 2 was analyzed by GPC. As a result the peak of the polyethylene glycol rrK,r»meth^^2T S( 5 
matenal of the reaction, disappeared, and instead a new peak was resized™™ hiahmc2u.^^f ^ 
average molecular weight of block copolymer 2 is shown in Table 1. 9 molea,,ar ade 11,6 """iber- 

EXAMPLE A3 



w 



15 



_ Rf*; 80 ml of toluene. 30 g of polyethylene glycol (molecular weight: 3.000). and 1 6 ul of pyridine as a m i™„„ 
tion catalyst were supplied into a glass-made reaction vessel equipped with a stirrer a lZZl t n^ 

ZT«E*:^™:^17" 3 ^ " 30 n * ,UteS " ^-n, operations w^SS ouT^mTSme 
way as 01 Example A1, thus obtaining an aqueous polymer solution containing block cooolvmer 3 H«* ««oiJ™„ t 

^^ a ZT:tLTn^eT reC09n ' Zed ^ 8 ^ *** ^ "umber-average molecular werghi 



20 EXAMPLE A4 



25 



A reaction was carried out in the same way as of Example A1 Gxeent that ^ , 



EXAMPLE AS 
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en. ..^acaM atbe,. as asad « a «a^ Zt«ial of 2S^a?^ll SSa aS ESS 

rseognuad an . h* „»iaa*a sua. Th. ™ J a«a,.ava™ 9 . a«*a»*, ^ SL* S^I^^ZSaT 



EXAMPLE A6 



40 



45 



wa.t^ 0 r out ,n ^ ^ "ay as of Example Al except that polyethylene glycol monomethyl ether 

was replaced with polyethylene glycol mononaphthoxy ether (molecular weight- 420) and that the anTu^m^h JoT 
oxytate as used was changed to 60 g. thus obtaining an aqueous polymer Su^^X ^^T^bS* 
copper 6 was anaryzed by GPC. As a< result, the peak of the po.yethy.ene gtya^rSSy^hTa^ us22 
a starting matenal of the reaction, disappeared, and instead a new peak was rec^nize^ThtaSeSa^ sZfrS 
number-average molecular weight of btock copolymer 6 is shown in Table 1 on a high molecular side. The 
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rcJ^JL^lt™™ ^"T 1 * hemiace,al and 160 g of phosphorus pentaoxide were placed into a 500 ml 

sZ^T^^^^llZT Stirreranda heatef Tne <* *• «ask were heated to 1 00 -C while 

r^^r^r^"^ ^ ^ ° ™* <«sultant aldehyde ester was recovered from the 

reswuai phosphorus pentaoxide by distillation and stored in a glass stoppered bottle 

a .OO^s^!^ ^ a ,t P L epared above, and 4 ml of methylene chtoride were placed into 

f I^ JTi „ . - round " bottomed reaction flask equipped with a magnetic stirrer The temperature of the con- 

weS to^TJSSZ?^? ° C T,tl Q * 6thy,ene ° Xide and 05 "* 01 bG^UEKSSj SeSe 
(Xut i rSSs? r . 6 ^ k6Pt an ice bath until the temperature returned to 0-2 °C 

a*2 to ^e mSL? a J t ri^ 3t r °° m temperatUr6 werni 9ht. 2 of 1 molar NaOH solution was 

a£S ^m^wa^^^^^I 6 ^ Und6r VaCUUm 7nen - 12 ml of 25 molar NaOH solution was 
added. The mixture was stared at about 0 "C for about 5 hours and then heated to about 40 °C for about 24 hours The 
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methanol and residual solvents were removed by rotary evaporation. The sofution was concentrated to about 15% pre- 
cipitated in about 100 ml of methanol, and stirred for 30 minutes. The precipitate was recovered by filtration and dried 
The precipitate was then redissolved in distilled water, precipitated into methanol, stirred, and recovered by titration 
The yield was about 74.8 %. Analysis of the product including the chain length, by Proton Magnetic Resonance (PMR) 
Spectra Analysis, showed that the product was a copolymer (hereinafter referred to as comparative polymer A1 ) havinn 
the following empirical formula: y 
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HO(CH 2 CH 2 0 )tt 



COONa 



fCH 2 CH 2 Ohi2 H 



where n averages about 20. Y is CH 2 CH 2 0- randomly distributed in the copolymer, and the ratio of p to q is about 1 3. 



Table 1 
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Name 


Molecular weight of PEG 
moiety 


Number-average molec- 
ular weight of block 
copolymer 


Example A1 


Block copolymer 1 


4.400 (x=1 00) 


9,000 (y~48) 


Example A2 


Block copolymer 2 


4.400 (x= 100) 


5.600 (y=12) 


Example A3 


Block copolymer 3 


3.000 (x=68) 


8,200 (y=54) 


Example A4 


Block copolymer 4 


924(x=21) 


5.000 (y=42) 


Example A5 


Block copolymer 5 


308 (x=7) 


4.500 (y=44) 


Example A6 


Block copolymer 6 


264 (x=6) 


11.800 (y=120) 


Comparative Example A1 


Comparative polymer A1 


Random copolymer (molecular weight 8.500) 
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Hereinafter illustrated are embodiments in which the above-obtained block copolymers are used as cement disper- 
sarrts, pigment dispersartts. water-treating agents, and detergent builders. 

EXAMPLES B1 TO B2 AND COMPARATIVE EXAMPLES B1 TO B2 

[Cement dispersarrt] 

The cement dispersibility was confirmed from mortar tests using block copolymers 1 to 2. comparative polymer 1 
(Na salt of naphthalenesulfbnic acid-formalin condensed product), and comparative polymer A1 as cement dispersartts 
as follows: 

First 400 g of normal Portland cement and 800 g of standard sand from Toura, Japan were charged into a mortar 
mixer to knead them under dry conditions for 1 minute. Then. 240 g of an aqueous solution, in which a predetermined 
amount of cement dispersarrt was dissolved, was added into the mixer to knead the mixture fc^3 minutes, thus obtain- 
ing mortar. This mortar was entirely filled into a hollow cylinder which was placed on a glass plate and of which the inner 
diameter and the height were both 50 mm. The filled cylinder was softly lifted to define an average value between the 
length and the breadth of spread mortar as a mortar flow value. The larger mortar flow value shows the better dispers- 
ibility. Results of the mortar tests are shown in Table 2. 

As is seen in Table 2. it would be understood that block copolymers 1 and 2 give an equivalent mortar flow value in 
a smaller addition amount and are therefore more excellent in cement cfispersibility. when compared with comparative 
polymers 1 and A1 . 
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a) Weight % in terms of solid content of cement dispersant to cement. 

b) Na salt of naphthafenesulfontc acid- formalin condensed product. 



Table 2 




Dispersant 


Addition amount** (wt %) 


Mortar flow value (mm) 


Example B1 


Block copolymer 1 


0.25 


109 


Example B2 


Block copolymer 2 


0.25 


86 


Comparative Example B1 


, Comparative polymer 1 b > 


0T70 


86 ~ 






0.90 


95 


Comparative Example B2 


Comparative polymer A1 




98 



15 



20 



25 



30 



35 



40 



55 



EXAMPLE B3 AND COMPARATIVE EXAMPLES B3 TO B4 
[Pigment dispersant] 

The pigment dispersibtlity was confirmed by measuring slurry viscosity using block copolymer 1. comparative pol- 
ymer 2 (sodium polyacrylate (molecular weight 5,000)). and conparative polymer A1 as pigment oispersants as follows* 

A slurry was prepared which had a light calcium carbonate (Brilliant 1500, made by Shiratshi Kogyo KabushjW Kai- 
sha)/water ratio by weight of 60/40. Each polymer of 0.3 % by weight relative to calcium carbonate was added to this 
slurry. The resultant mixture was stirred for 3 minutes and then allowed to stand stationary for 1 minute Then the vis- 
cosity of the mixture was measured with a B-type rotatory viscometer, model BM (made by Tokyo KetW Co') When 
any polymer was not added to the slurry, the viscosity was unmeasurable. Results are shown in Table 3. 

Table 3 V 





Dispersant 


Slurry viscosity (cps) 


Example B3 


Block copolymer 1 


58 


Comparative Example B3 


Comparative polymer 2 


2.900 


Comparative Example B4 


Comparative polymer A1 


2.700 



was 



When no cfispersant was added, the viscosity was unmeasurable. 
EXAMPLES B4TOB6 AND COMPARATIVE EXAMPLES B5 TO B6 
45 [Water-treating agerfl 

The performance of block copolymers 1 . 4. and 5 and comparative polymers 2 and A1 as water-treating agents 
evaluated by carrying out a gelation resistance test and by measuring a scale inhibition ratio as follows: 

so 1 ) Gelation resistance test: 

Solution A was prepared by mixing 100 g of a 100 mg/l aqueous calcium chloride (di hydrate) solution and 1 mf of 
an aqueous solution of each polymer (concentration: 1 %) in a glass bottle of 225 ml in capacity and then adjusting the 
pH of the resultant test solution to 8.5 with NaOH. 

Solution B was prepared by mixing 1 ml of the 1 % aqueous polymer solution and 1 00 g of pure water as a blank 
instead of the 100 mg/l aqueous calcium chloride (dihydrate) solution in the same glass bottle as above-mentioned and 
then aojusting the pH of the resultant mixture to 8.5 with NaOH. 

The above-mentioned glass bottles were closed up tight and allowed to stand stationary at 90 "C tor 2 hours. Then 
the absorbance of the respective solutions in the bottles to UV 380 nm was measured to calculate the gelation degree' 
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Sl!^ Sma * ler nUmeriCal Vakje <* the Elation degree shows the higher gelation resist- 

ance, so the chemical acts more effectively. Results thereof are shown in Table 4. 



Gelation degree = (absorbance of solution A) - (absorbance of solution 



B) 



2) Scale inhibition ratio: 



M ^J™ 9 ? water was P ,aced into a 9 ,a ss bottie of 225 ml in capacity. Next. 10 g of a 1 56 % aaueous 

9 aQUeOUS SOd,um hydrogen «■*»■»» solution and 7 g of water were added to the bottle wtoe3£ 

amc^m of meentre contents of the bottle resulted in 200 g. The bottle was closed up fi^ a^^S^?o^ 
for 3 hours. Then, after cooling, the resultant precipitate was filtered off with a metrtxane Ser of ^X^ZJ 
aum corrcentra^of the filtrate was measured by an ICP analysis method to calculate aJZun^^^^] 
bit™ ratio on the basis of the following formula. Results thereof are shown in Table 4 * 



Scale inhibition ratio (%) = [(Z-Y)/(X-Y)] x 100 



where: 



so 



X is a concentration (%) of calcium which was dissolved in the solution before the test 
Y is a concentration (%) of calcium in a filtrate to which no scale inhibitor is added; and 
2 is a concentration (%) of calcium in a filtrate after the test. 



25 



Table 4 



30 



35 



Water-treating agent 
Block copolymer 1 
Block copolymer 4 
Block copolymers 
Comparative polymer 2 
Comparative polymer A1 



Gelation degree 
0.01 
0.01 
0.02 



inhibition ratio 
75.3 



40 EXAMPLES B7 TO B1 2 AND COMPARATIVE EXAMPLES B7TOB9 
[Detergent builder and detergent composition] 



45 



50 



55 



as d^SSS^^i^ "T'^ L w 6 - C ° mparahVe P ° lymeT 3 «*»• and comparative polymer A1 

rv^a o^^r ^ JZT * deter9errt CO"* 0 ** 0 "* containing these polymers were evaluated by car- 

rying out washability and bwdegradability tests as follows: 

1 ) Washability test: - •- • 

iio M ?!L er ? W ,LT 1p0SSti0nS Wefe pre P ared bv "^9 each detergent builder (in terms of solid content), sodium salt of 
^TJT a'kylb^enesuHbnic acid. #2 sodium silicate, anhydrous sodium carbonate, and anhydrous Sk^SH 
in a ratio by weight of 3/25/125/12.5/47. 7 suiiare 

In addition, dirty doth was prepared as follows: 



a a* V. ° myr,styli ^ add - 6 64 9 of olei c acid. 6.64 g of tristearin. 6.64 g of triolein. 0.88 g of cholesterol stea- 

EZ££*L XEZZ^ 48 50 ° Q - 4 40 9 01 Squa,ene ' and 3 52 9 <* were disso^lntocaS, 
S2!^n^ 39 i! 9 ° f ^ a L (Kant ° '° am) (1 1 * test *** "«* by Japan Powder Industrial nSS 
Sooejtf and 0.48 g of carbon black (for washability test designated by Japan Oil Chemist's Society) were thenldded 
where.ni the components other than clay and carbon black were commercially available first or special class reaqerts" 
The mixture was stirred at about 7.000 ipm for 30 minutes with a homomixe, Ls preparing twotS of ZSS,. 
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N«Uest cloth (#3 white cotton doth according to JIS) was twice contaminated with the two sets of artificial grime usino 
a cont-nuo^ aLrtocorrtammator and then allowed to stand stationary at 25 »C for 3 weeks and then cut to make 10 cm 
x 10 cm artificial dirty doth. ,uu " 

Ne f\ 8 <* the above-prepared 10 cm * 10 cm artificial dirty cotton doth were placed into 1 liter of an aaue- 

ous solution of the * above-prepared detergent composition and washed at 100 rpm with Terg-O-Tometer (made bv 
Ueshima Seisakusho Co., Ltd.) under the following conditions' { y 



(Washing conditions): 
Washing time: 

Concentration of detergent composition: 
Sample: 

Hardness of water: 
Water temperature: 
Rinsing: 



10 minutes 

200 ppm (calculated as sodium salt of linear chain alkytbenzenesulfonrc 
acid) 

200 ppm ^ 
3° DH 
25 °C 

5 minutes with tap water 



a ^ Il^r^^t!!^'^^ by measudn9 the respective reflectivity of the uncontaminated original white doth 
£Z S 7^£*%ZZL WaSWn9 3 mere,Ke ^ «* "* » ^ -*> on 

Washing ratio (%)= {(reflectivity of dirty doth after washing) - (reflectivity of dirty cloth before 
washing))/{(reflectivity of white doth) - (reflectivity of dirty cloth before washing)} x 100. 

2) Biodegradability test: 

J!l!^ 0d Y a ? ab,l l? y ^ eva,Uated by measurin 9 * e biodegradation ratio in accordance with a revised MITI test 
(I) method as cfisdosed in an OECD guide line. 1 ' Iesi 

Results are shown in Table 5. 



Table 5 





Detergent builder 


Washing ratio (%) 


Biodegradation ratio (%) 


Example B7 


Block copolymer 1 




75 


Example B8 


Block copolymer 2 


66 " 


73 


Example B9 


Block copolymer 3 






Example B10 


Block copolymer 4 




85 


Example B11 


Block copolymer 5 


70 " 


87 


Example B12 


Block copolymer 6 


73 


*~ 87 


Caiipaiative Example B7 


Comparative polymer 3 


63 




Comparative Example B8 


Comparative polymer A1 


63 


~ 35 


Comparative Example B9 


None 


56 





The washing ratios in Table 5 were average values of the 8 sheets of dirty cloth. 
Claims 

1 - A block copolymer which comprises: 

a polyalkylene glycol structural unit of the following general formula (1): 

*C n H 2n O> x 



0) 
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wherein: n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a polyglyoxyiate structural unit of the following general formula (2): 



10 



tCHO^y— ( 2 ) 

COOM 

wherein: M denotes one type selected from the group consisting of a hydrogen atom, afkyte with 1 to 4 carbon 

~^ZVZV n ammonium 9roups - and organ,c a ^ e ™- ' * ■ ™ 

2 - S^^S^r^^^^^^l!^^ * ^ectectfromir, group consisting 



/5 



of structures of the following general formulae (3) and (4): 

-OC n H2 n OR 1 



(3) 



20 



25 



on average. 



wherein: n is an integer of 2 to 4; and R 1 denotes one type selected from the group consisting of a hydroaen atom 
afkyfe. alkenyls, alkylphenyls, phenyl, and benzyl; and sung or a nyarogen atom. 

- CHOX (4) 
1 

COOM 

aimfml?!^ ° f n ? ! yP , 6 Sele f ed *° m th6 ^ COnsistin 9 of « nydrogen atom, alkyte with 1 to 4 carbon 
rSLt^r ^ t °, 3 ,' n V f lenCy - ammonium BW. and organic amine groups: and X denotes a group 
which is chemically stable to depolymerization of the block copolymer). 

so 3. A block copolymer according to claim 1 . wherein x is in a range of about 20 to about 500 

4 - l^^iT^ 0 ^?- >0 daim 1 • Wl ? er 1 ein a ratk> by wej 9 w 01 ^ Polygene glycol structural unit to the 
polyglyoxyiate structural unit is in a range of about 2/8 to about 8/2. 

35 5 ' t ^I'ff ^1 o^" 9 ! 0 ^ 1 " Wtl6rein the ""^er-average molecular weight of the block copolymer is 
m a range of about 2.000 to about 50.000. „_ ^^•y> « » 

6 ' ^l^I^T^T aoco ^yJ° c,aim 1 • ^ein one of the structural units is designated A and wherein the other 
structural unit is designated B and wherein the block copolymer is an AB type block copolymer. 

7 " ^IS^T^ acax *°?J° c, f m 1 • of the structural units is designated A and wherein the other 

structural unit is designated B and wherein the block copolymer is an ABA type block copolymer. 

» 

8 " ^^^Tm aCCOf ?^V° d f im 1 • Wh6rein ° ne of structural «** designated A and wherein the other 

^T^lu^T^ B 0? Whefein 100 WoCk eoPO"*™* is a copolymer having at least one AB type block, 
at least one ABA type block, and at least one BAB type block. 

9 ' il^fS^ aGeWtf ? g . 10 daim J 2 ' Wtler ° m X is Se,ected fr0m 106 9r°"P consisting of Alkyte. oxygen-contain- 
ing aikyls. and oxygen-contaming cycloalkyls. 
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1 a A block copolymer according to darm 1 . wherein y falls in a range of about 20 to about 500 on average. 
11 * ^£ n °S^' aCCOrdinQ *° C,8im 1 Prepared by a P rocess comprising the step of carrying out a polymerization 
a polyalkylene glycol of the following general formula (5): 
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wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls, alkenyfs alkyl- 
phenyls, phenyl, and benzyl; n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a glyoxylic acid-based monomer of the following general formula (6): 



20 



CHO (6) 
COOR2 

10 wherein R 2 denotes an alky! with 1 to 4 carbon atoms; 

in the Presence of a catalyst in a polymerization reaction system which has a water content of about 30 mol % or 
less relative to the polyaikylene glycol- — 

75 12 ' A cement dispersant which comprises a block copolymer as recited in claim 1 . 

1 3. A pigment dispersant which comprises a block copolymer as recited in claim 1. 

14. A water-treating agent which comprises a block copolymer as recited in claim 1. 

15. A water-treating agent according to claim 14, wherein n is 2. 

16. A detergent builder which comprises a block copolymer as recited in claim 1 . 

25 1 7. A detergent builder according to claim 1 6. which is used for a liquid detergent composition. 

18. A detergent composition which comprises a surfactant and a detergent builder as recited in claim 16. wherein: 

faL^T - S at Jf 81 006 tyPe S6,eCted from * e 9™p consisting of anionic surfactants, nonionic sur- 
30 lactams, catiomc surfactants, and amphoteric surfactants; 

the surfactant comprises a concentration of about 10 to about 60 % by weight of the detergent composition; 
ano ' ■ 

medetergent builder comprises a concentration of about 0.1 to about 60 % by weight of the detergent compo- 
19 - ** P f0ducin 9 * Wock copolymer, which comprises the step of carrying out a polymerizaSbh reaction 
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a polyaikylene glycol of the following general formula (5): 

wherein: R 1 denotes one type selected from the group consisting of a hydrogen atom, alkyls, alkenyls, alkyl- 
phenyte phenyl, and benzyl, n is an integer of 2 to 4; and x is a number of about 5 or more on average; and 
a glyoxylic acid-based monomer of the following general formula (6): 

CHO (6) 

COOR2 



wherein R 2 denotes an alkyl with 1 to 4 carbon atoms; 

!l??^ e ^l 0f 3 f*^? in 3 taction system which has a water content of about 30 mol % or 

55 less relative to the polyaikylene glycol. 

20. A process according to claim 19. which further comprises the step of carrying out a saponification reaction of the 
resultant block copolymer using an alkaline substance. 
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